A rapid and quantitative method for the determination of cigarette smoke condensate monophenols using high-performance liquid chromatography (HPLC) was developed. Total particulate matter was collected on cigarette filter tips and Cambridge filter pads. Phenolic compounds were extracted with a 1 N sodium hydroxide solution. Five different brands of fdter-tipped cigarettes from the French market were analysed. Their phenol, guaiacol, methylphenols and dimethylphenols levels were determined in comparison with an internal standard, ochlorophenol. With the same method we compared the phenolic retention efficiency of different cigarette fLiter tips. 
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INTRODUCTION
Numerous quantitative methods have been published for determining phenolic compounds in cigarette smoke (1) (2) (3) (4) (5) (6) (7) (8) . Several leaf constituents (cellulose, lignin, polyphenolic pigments) were identified as pyrolytic precursors of smoke phenolic compounds {9-13). Calorimetric methods involving the reactions between phenols and aryldiazonium salt or 4-aminophenazone give only an overall value of smoke phenols. Generally, this valtfe underestimates the actual amount of smoke phenols. Chromatographic methods allow the selective and rapid analysis of the most abundant monophenols from tobacco smoke {1, 2, 4-9). Gas chromatography has been widely used. To our knowledge, only Kuwata et al. (14, 15) have used high-performance liquid chromatography (HPLC) to analyse tobacco smoke monophenols as azo dyes. We propose an analytical method for determining the monophenols present in tobacco smoke condensate. Reverse-phase high-performance liquid chromatography is us~d for this method,without derivatization. c) Solvents and chemical compounds were analytical grade. Phenol standards were obtained from commercially available sources. Purity was greater than 98 % except for 2,4-dimethylphenol which was a mixture of 85 % 2,4-dimethylphenol and 8 % 2,5-dimethylphenol; it was used without further purification.
d) Cigarettes, from homogeneous batches, were smoked on a commercial Model 301 Filtrona smoking machine according to French standard NF V 37-001 using Cambridge filter pads. The Cambridge and cigarette filters were subsequently collected for analytical procedures.
Analytical Procedures
First we determined the best separation conditions for reverse-phase chromatography of the major monophenols from tobacco smoke: phenol, guaiacol, methylphenols, dimethylphenols. The eluting solvents studied were: water/methanol, water/acetonitrile and water I shows that we obtain a good separation with an eluting solvent which has the following ratio: 700-300-5 (v/v) water I acetonitrile I acetic acid, and 1 ml I min as flow rate (Fig. 1 ) . The ultraviolet absorbance detector was adjusted to 275 nm. It is the maximum absorbance mean of the various phenols analysed. With this procedure and an 0.01 AUFS (absorption units full scale) sensitivity, the minimum detectable amounts were: 10 ng of phenol, 15 ng of methylphenols, 100 ng of 3,4-dimethylphenol. The relationship between the injected amount of each phenol and the corresponding peak height was linear at 0.1 AUFS sensitivity. Graphs for each analysed phenol were plotted at this detection sensitivity. Calibration curves were calculated by the internal standard method with o-chlorophenol as internal standard (4, 6) . The results are shown in Table 1 and Figure 2 . Figure 3 shows a chromatogram from a real sample. Flgure2. Calibration curves for phenols. 
Sample Preparation
Cigarettes, selected by weight and draw resistance, were smoked through a Cambridge filter on an eightchannel smoking machine. Five cigarettes were smoked successively on each channel. The resulting total particulate matter was collected on the cigarette filter tips and on the Cambridge filter. A sample batch comprised two Cambridge filters or ten of the corresponding cigarette filter tips. Each batch was extracted with 50 ml of 1 N sodium hydroxide for two hours with intermittent stirring. The solution was filtered through a sintered g1ass funnel (No. 3) and then poured into a 100 ml calibrated flask. The residue and the flask were washed with 4 X 10 ml portions of 1 N NaOH, then all basic extracts were combined and diluted to a final volume of 100 ml. A 20 ml aliquot was transferred to a separatory funnel where the basic and neutral compounds were extracted from the alkaline solution with n-hexane (3 X 2 ml). Phenols were regenerated from their salt by acidification (6 N H 2 S0 4 ) and extracted into ether (5 X 5 ml). The ether fraction was extracted with saturated sodium hydrogen carbonate solution to eliminate organic acids. It was then concentrated to approximately 1 ml at 45 •c in a water bath at atmospheric pressure. HPLC eluting solvent (2 ml) was added and the residual ether was evaporated at room temperature and 100 mm Hg pressure. The phenolic fraction was poured into a 5 ml volumetric flask. Internal standard was added and the solution diluted to 5.0 ml with the eluting solvent. The various extractions were quantitative for monophenols. This fact was confirmed by HPLC analysis. We did not observe the presence of studied phenols in the final extractions or residual ether.
Table2.
Major phenol&
(!l9fcigarette) and phenolic retention efficiency R (%) of cigarette filters.
HPLCmethod Colorlmetric method
Type of cigarette * • All of the filter cigarettes were 84 mm long, 7.90 mm in diameter and with 17% cigarette ventilation and 0% filter ventilation.
•• Cellulose and cellulose acetate fibre blend without definite structure.
••• Paper filter with cellulose acetate fibres. The paper is formed to S structure.
RESULTS AND DISCUSSION
Five different brands of filter-tipped cigarettes from the French market were analysed by this method and compared by colorimetric determination of the total steam-volatile phenols. The results are given in Table 2 .
No considerable variation was observed from cigarette to cigarette in the amounts of the corresponding individual phenols. The pattern of phenol distribution was generally the same for all cigarettes studied. Resolution of ortho-substituted dimethylphenols was ·insufficient but they were present at low levels. We did not observe the presence of 3,5-dimethylphenol. 3,4-Dimethylphenol was present as often noted in cigarette smoke but its level was unusually high (5) (6) (7) (8) 16) . The difference between colorimetric and chromatographic results is explained by the fact that para-substituted phenols do not react with 4-aminophenazone (3). Using the same method we have compared the efficiency of different filters in relation to phenolic retention. These results are given in Table 3 . We observed that the efficiency of removal of the phenolic fraction increases with the presence of cellulose acetate. The retention by cellulose acetate filters differed for individual phenols, in contrast to paper filters, with which there was no selectivity.
CONCLUSION
This paper shows that high-performance liquid chromatography is a good analytical tool for the determination of monophenols in cigarette smoke condensate. In comparison with colorimetric or gas chromatographic methods it is simple, rapid and selective. Steam distillation and derivatization to azo dyes or volatile compounds are not necessary. Individual monophenols are identified by; their retention times or elution volumes with a low detection limit. This method shows good reproducibility and its automation is possible at least for chromatographic measurement.
